Considerable evidence suggests that high plasma concentrations of plasminogen activator inhibitor type 1 (PAI-1) and fibrinogen increase the risk of cardiovascular disease. Recent studies report beneficial effects of dietary fiber on coronary artery disease, although the mechanisms by which high fiber intake reduces the risk of heart disease are not well understood. This study examined the relation of dietary fiber intake to PAI-1 and fibrinogen concentrations in 883 men and 1116 women aged 50.4 ± 13.8 and 52.1 ± 13.7 y, respectively, in the National Heart, Lung, and Blood Institute Family Heart Study. Diet was assessed with a semiquantitative food-frequency questionnaire. The natural logarithm was used to transform PAI-1 because of a skewed distribution. In the first through fifth ageand energy-specific quintiles of fiber intake, mean (ln)PAI-1 was 6.09, 5.91, 5.88, 5.82, and 5.67 pmol/L, respectively, for men and 5.50, 5.37, 5.39, 5.23, and 5.18 pmol/L, respectively, for women. Multiple regression showed that when the lowest was compared with the second, third, fourth, and fifth age-and energy-specific quintiles of fiber intake, (ln)PAI-1 was 0.21, 0.25, 0.22, and 0.32 pmol/L lower in men (P for trend = 0.009) and 0.08, 0.06, 0.14, and 0.20 pmol//L lower in women (P for trend = 0.037), respectively, with anthropometric, lifestyle, and metabolic factors adjusted for. No significant association was found between fiber intake and fibrinogen. Waist-hip ratio did not modify the relation of fiber intake to PAI-1 (P for interaction = 0.39 for men and 0.36 for women). These data suggest that higher fiber intake is inversely associated with PAI-1, but not with fibrinogen concentration.
INTRODUCTION
Prospective studies suggest that dietary fiber intake protects against coronary artery disease (CAD) (1) (2) (3) (4) (5) (6) (7) (8) (9) , although the mechanisms are not well established. Modification of CAD risk factors by fiber is suggested: besides lowering serum total-and LDL cholesterol (10) (11) (12) (13) and blood pressure (14) , and increasing sensitivity to insulin (15, 16) , recent studies report that dietary fiber intake is negatively correlated with plasminogen activator inhibitor type 1 (PAI-1) concentration (17) . The relation between fiber intake and fibrinogen concentration is controversial (18) (19) (20) . We used data collected in the National Heart, Lung, and Blood Institute (NHLBI) Family Heart Study to evaluate the relation between dietary fiber intake and PAI-1 and fibrinogen, and to determine whether the relation is modified by waist-hip ratio, a measure of central obesity.
SUBJECTS AND METHODS

Study population
The NHLBI Family Heart Study is a multicenter, populationbased study designed to identify and evaluate genetic and nongenetic determinants of CAD, preclinical atherosclerosis, and cardiovascular risk factors. A detailed description of the methods and design was reported previously (21) . The subjects described in the present report are members from families that had been chosen at random from previously established population-based cohort studies (referred to as "parent studies"): The Framingham Heart Study in Framingham, MA; the Atherosclerosis Research in Communities' (ARIC) cohorts in North Carolina and Minnesota; and the Utah Health Family Tree Study in Salt Lake City. In 1993-1995, groups of individuals participating in each of the parent studies were selected at random and invited to furnish an updated family health history that contained information on their parents, children, and siblings. Of 4679 individuals contacted, responses were obtained from 3150 (67%); their other family members were then contacted, and self-reported health data were obtained from a total of 22 908 individuals (86% of those contacted).
From the families responding to the health questionnaire, 588 were chosen at random, and all members of these families were invited to come to 1 of the 4 study clinics for an Ϸ4-h clinical evaluation. The evaluation included a detailed medical and lifestyle history obtained through an interview. All interviewers were trained centrally and required periodic certification; standardization of interviews was facilitated by periodic review of taped interviews and by frequent circulation of the distributions of responses obtained by different interviewers and different centers, with prompt corrective actions taken when nonstandardized interviewing techniques were detected. The study protocol was reviewed and approved by the Institutional Review Boards at Boston University School of Medicine, the University of North Carolina, the University of Minnesota, and the University of Utah. A total of 2673 members of 588 randomly chosen families came for a clinic visit at 1 of the 4 sites.
Blood collection and assays
All participants were asked to fast for 12 h before arriving at the study center. Blood samples for fibrinogen and PAI-1 antigen were drawn from the antecubital vein of seated subjects (between 0700 and 1000) by using evacuated containers with sodium citrate (citrate-blood ratio of 1:9). For lipids, glucose, and insulin, evacuated containers without additives were used. Blood samples were then spun at 2000 ϫ g for 10 min at 4 ЊC. Sera and plasma were stored at Ϫ70 ЊC. Plasma fibrinogen was measured by using the Von Clauss method (22) , and PAI-1 antigen was measured by enzyme-linked immunosorbent assay (23) using reagents from Diagnostica Stago (Asserachrom PAI-1 kit 00577; American Bioproducts, Parsippany, NJ). Serum insulin was measured by radioimmunoassay (Diagnostic Products Corporation, Los Angeles). All samples were processed at the collaborative studies clinical laboratory at the Fairview University Medical Center in Minneapolis. The CVs for interassay and intraassay measurements were 0.038 and 0.065, respectively, for fibrinogen, and 0.088 and 0.28, respectively, for PAI-1. Fibrinogen and PAI-1 were measured without corrections for a possible dilution effect of combining a fixed volume of liquid buffered citrate anticoagulant. No dilution effects were seen for PAI-1, in that we found a positive correlation between PAI-1 and hematocrit.
Other variables
Dietary information was collected with a staff-administered semiquantitative food-frequency questionnaire developed by Willett et al (24, 25) . From the food-frequency questionnaire, intake of specific nutrients was computed by multiplying the frequency of consumption of an item by its nutrient content. Nutrient content was derived from a database program based on US Department of Agriculture sources. Dietary fiber was assessed by using the Southgate method (26) . Information on cigarette smoking, alcohol intake, education, and income was obtained by interview during the clinic visit. Oral contraceptive use or hormone replacement therapy was determined by using a reproductive history questionnaire and medication inventory. Selfreported physical activity during the previous year was estimated from a frequency questionnaire. Anthropometric data were collected with subjects wearing scrub suits. A balance scale was used to measure body weight, and height was measured by using a wall-mounted vertical ruler.
Cardiovascular disease was assessed from the medical history and a 12-lead electrocardiogram. Positive CAD was defined as self-reported history of myocardial infarction, percutaneous transluminal coronary angioplasty, coronary artery bypass graft, or electrocardiographic evidence of myocardial infarction (Qwave, ST-elevation). Diabetes mellitus was defined as any of the following: 1) a self-reported history of diabetes, 2) fasting glucose ≥ 7.8 mmol/L, or 3) current use of a hypoglycemic agent.
Statistical analysis
Of the 2673 subjects from the random sample who had a clinic examination, 674 were excluded from the analysis for the following reasons: 1) 520 participants had a diagnosis of CAD [because PAI-1 and fibrinogen are acute phase proteins, they may be elevated in subjects with prevalent CAD (27, 28) ], 2) 109 had probable errors on food-frequency questionnaires [answers on the food-frequency questionnaire were judged by the interviewer to be unreliable, ≥ 18 items were left blank on the dietary questionnaires, or energy intake was outside a priori ranges (acceptance range: 3347.2-17 572.8 kJ for men (24) and 2510.4-14 644 kJ for women (29) ], 3) 28 had fasted for < 12 h, 4) 16 were current users of anticoagulants (warfarin or heparin), and 5) 1 was missing an electrocardiogram.
Because PAI-1 distribution was positively skewed (coefficient of skewness was 2.4 for men and 2.7 for women), we used the natural logarithm to transform PAI-1 [(ln)PAI-1]. Instead of simply taking fiber intake per day in grams as the independent variable, we created sex-specific quintiles of fiber intake with age and energy intake adjusted for the following reasons: 1) eating patterns in women (number of servings and amount of energy) were different from men; 2) energy intake, as determined by body size, physical activity, and metabolic efficiency (30), differed by sex; 3) fibrinogen and PAI-1 may be affected by estrogen (31-33); and 4) we did not believe that we could assume linear relations between fiber intake and PAI-1 and fibrinogen. For each sex, subjects were divided into 6 age categories (sextiles). Within each age category, we created 5 energy groups (quintiles). Within each of the 30 age-and-energy groups, we generated quintiles of fiber intake (referred to as age-and energy-specific quintiles of fiber intake). Kruskall-Wallis and chi-square tests were used to test for differences among fiber intake quintiles for continuous and categorical variables, respectively.
We used multiple linear regression to test the association between fiber intake and PAI-1 and fibrinogen. The crude model included PAI-1 and fibrinogen as dependent variables and 4 dummy variables comparing subjects in the upper 4 quintiles of fiber consumption with those in the lowest quintile. The adjusted model accounted for potential confounders: age, body mass index, waist-hip ratio, education, triacylglycerol, diabetes, smoking, alcohol intake, physical activity, and hormone replacement therapy for women.
Obesity is positively associated with fibrinogen and PAI-1 concentration (34, 35) . To determine whether the association between fiber intake and PAI-1 and fibrinogen was modified by waist-hip ratio, we examined the relation between fiber intake and PAI-1 and fibrinogen within tertiles of waist-hip ratio. We created dummy variables comparing subjects in the upper 2 tertiles of waist-hip ratio with the lowest for each sex. Multivariate linear analysis performed within each sex included PAI-1 and fibrinogen as dependent variables, dummy variables for central body fatness, and age, education, lifestyle, and metabolic factors as covariates. We tested for a modification of the effect by including an interaction term (between quintile of fiber intake and tertile of waist-hip ratio) in the multivariate model.
We used a bootstrap method in multivariate regression to correct the variance for the correlation among family members. The bootstrap, which randomly selects one individual per family for modeling, was run over 300 replications. The ␣ level was set at 0.05 for statistical significance. Analyses were carried out by using SAS (Statistical Analysis System; SAS Institute Inc, Cary, NC), including programs developed by us using SAS.
RESULTS
Of the 1999 subjects included in the analysis, 883 were men and 1116 were women. The mean age was 50.4 y (range: 25-91 y) for men and 52.1 y (range: 25-91 y) for women. The mean fiber intake was 17.9 ± 8.7 g for men and 17.6 ± 7.9 g for women, respectively. Mean (ln)PAI-1 concentrations were 5.87 and 5.33 pmol/L for men and women, respectively. Mean fibrinogen concentrations were 3.0 ± 0.7 g/L for men and 3.2 ± 0.7 g/L for women.
The sex-specific baseline characteristics of the age-and energy-specific quintiles of fiber intake are shown in Tables 1  and 2 . For men, the lowest quintile had higher waist-hip ratios (P = 0.023), a higher percentage of smokers (P = 0.01), a higher percentage of alcohol drinkers (P = 0.001), and fewer years of education (P = 0.036) than did subjects in the highest quintile. For women, the lowest quintile had higher waist-hip ratios (P = 0.001), a higher proportion of current smokers (P = 0.015), and fewer years of education (P = 0.018) than did those in the highest quintile. Physical activity showed a similar interquintile trend among men and women: with increasing fiber intake, the percentage of sedentary subjects declined, whereas the percentage of regular exercisers increased (P = 0.052 for men and P = 0.0001 for women). Among men and women, the trend was for diabetes mellitus to be more prevalent in the highest quintile (P > 0.05 for both sexes).
Fiber intake was inversely related to PAI-1 concentration ( Table 3) . In crude analysis of men, (ln)PAI-1 was 0.42-pmol/L lower in the highest than in the lowest age-and energy-specific quintile of fiber intake. When body mass index, waist-hip ratio, and other covariates were added into the model (Table 4) , the association of fiber intake and (ln)PAI-1 was modestly attenuated, but remained 0.32-pmol/L lower in the highest than in the lowest quintile for men (P for trend = 0.009). In crude analysis in women, (ln)PAI-1 was 0.33-pmol/L lower in the highest than in the lowest quintile. When body mass index, waist-hip ratio, triacylglycerol concentration, history of diabetes, estrogen use, and lifestyle factors were added into the model, (ln)PAI-1 was 0.20-pmol/L lower in the highest than in the lowest quintile (P for trend = 0.037; Table 4 ). In men and women, there was no significant association between fiber intake and fibrinogen concentration (Table 3 and Table 5 ), before and after adjustment for age, energy intake, education, and anthropometric, metabolic, and lifestyle factors.
The association between fiber intake and (ln)PAI-1 concentration with the degree of central body fatness is shown in Table 6 . In the lowest tertile of waist-hip ratio for men, (ln)PAI-1 was 0.04-pmol/L lower in the highest than in the lowest age-and energy-specific quintiles of fiber intake. In the second and third tertiles of waist-hip ratio, (ln)PAI-1 was 0.52-and 0.35-pmol/L lower in the highest than in the lowest age-and energy-specific quintiles of fiber intake, respectively. There was not a consistent pattern across the categories of waist-hip ratio for the fiber intake to (ln)PAI-1 relation; the largest effects were seen in the second tertile, and the P value for interaction was 0.39. Comparing the highest with the lowest age-and energy-specific quintile of fiber intake in women, (ln)PAI-1 was 0.08-and 0.34-pmol/L 2, 4 Significant differences among quintiles: 2 P < 0.05,lower in the second and third tertiles of waist-hip ratio, respectively (P for interaction = 0.36). No significant change was observed in the first tertile of waist-hip ratio. A similar stratified analysis for fibrinogen did not show any difference between tertile of waist-hip ratio when the highest was compared with the lowest age-and energy-specific quintiles of fiber intake (P for interaction = 0.64 for men and 0.23 for women; results not shown).
To assess other determinants of PAI-1 and fibrinogen concentration, we examined the relation between fasting insulin concentration; vitamins E, A, and C; HDL-, LDL-, and total cholesterol; and PAI-1 and fibrinogen. Vitamin E and HDL cholesterol were weakly associated with PAI-1 in the univariate model (results not shown). However, this inverse relation between PAI-1 and vitamin E and HDL cholesterol was not sustained in the multivariate model. Within each quintile of fiber intake, subjects with lower serum insulin concentrations had lower PAI-1 concentrations than did those with elevated serum insulin in both sexes (P for trend = 0.0001 within each quintile of fiber intake; Table 7 ). Within each quartile of insulin concentration, subjects with lower fiber intake tended to have higher PAI-1 concentrations. However, the trend was only significant in the fourth and first quartiles of insulin for men and women, respectively (Table 7) .
DISCUSSION
Prospective studies suggest that elevated plasma PAI-1 and fibrinogen concentrations are associated with ischemic heart disease (36-42). Emphasis on dietary and lifestyle factors is one of the approaches currently advocated to prevent CAD. Epidemiologic studies have shown protective effects of dietary DIETARY FIBER AND PAI-1 AND FIBRINOGEN 571 2,3 Significant differences among quintiles: 2 P < 0.05,fiber on CAD (1-9), and others have suggested that this protection may be mediated by improvements in hemostasis with fiber intake (17, 18) . We found an inverse relation between PAI-1 and age-and energy-adjusted indexes of fiber intake for both men and women, as had been suggested by earlier studies. In a cross-sectional study of 260 subjects, Nilsson et al (43) reported an inverse dose-response relation between fiber-rich foods (fruit, vegetables, and root vegetables) and PAI-1 concentrations after adjusting for anthropometric and metabolic factors. Furthermore, Boman et al (17) reported an inverse relation between dietary fiber intake and PAI-1 concentration in 12 healthy subjects. In an experiment, Sundell et al (44) reported a 50% decrease in PAI-1 in 11 healthy subjects who were supplemented with 10 g oat husk/d for 2 wk; PAI-1 concentrations returned to baseline after a 6-wk washout period. However, in a 1-d experiment in 6 healthy volunteers, Marckmann et al (45) found that dietary fiber had no significant influence on postprandial PAI-1 concentration. The null effect of fiber intake on PAI-1 concentration in the latter study may have been due to the lack of power to detect a moderate effect. Alternatively, the null result might suggest that fiber intake does not have an immediate effect on PAI-1, but rather influences PAI-1 after long-term exposure.
Our study had a larger sample size than did those cited above and used individual fiber intake estimated over 1 y for computation. Although we did not have the opportunity to validate the food-frequency questionnaire in this study, Rimm et al (25) and Willett et al (46) showed that estimation of dietary fiber through a similar semiquantitative food-frequency questionnaire has a reasonable validity (correlation coefficient for comparison of semiquantitative food-frequency questionnaire score with energy-adjusted mean of four 1-wk diet records = 0.58) and reproducibility (intraclass correlation coefficient = 0.64). Dietary fiber in this study was determined by the Southgate method (26) ; one of the drawbacks of this method is that incompletely hydrolyzed starch, especially that of beans, peas, and corn is measured as fiber (47) . This may lead to an overestimation of dietary fiber and to an imprecise estimation of the fiber to PAI-1 association. Given the cross-sectional nature of this study, we can only speculate about the temporal relation of fiber intake and PAI-1 and fibrinogen. Another limitation of this study is the fact that different components of diet are strongly intercorrelated, making it difficult to assess the relation between fiber intake and PAI-1 independently from other dietary components that correlate with fiber intake.
Epidemiologic studies have had inconsistent findings on the effects of dietary fiber on plasma fibrinogen. Cross-sectional studies (18, 19) indicated that dietary fiber is negatively associated with fibrinogen, whereas other investigations (48, 49) found no effect of high fiber intake on fibrinogen. A randomized clinical trial of 201 subjects (20) found no effect of fiber intake on fibrinogen after a 4-wk high-cereal-fiber diet when compared with a low-cereal-fiber diet. Currently existing evidence of a negative association between fibrinogen concentration and fiber intake comes mainly from animal studies (50) . The present study does not show a significant association between fiber intake and fibrinogen. It is unlikely that this negative finding is due to the difference in the source of fiber (vegetable compared with cereal) consumed, given the heterogeneity of the dietary constituents in our study population. The possible explanation might be the lack of causal relation between fiber intake and fibrinogen concentration. Nonetheless, it is plausible that the lack of effects of fiber intake on fibrinogen may be partly attributable to the laboratory method used for the assay. The Von Clauss method (22) does not measure very high or very low fibrinogen concentrations. Further, this population had a wide age range (25-91 y), and consequently, a wide range of hematocrit values (0.21 to 0.53). A simple dilution effect cannot be excluded in men because fibrinogen was negatively correlated with hematocrit in 572 DJOUSSÉ ET AL men but not in women [r = Ϫ0.09 (P = 0.004) for men and r = 0.09 (P = 0.02) for women].
Mechanisms to explain an inverse relation between fiber intake and PAI- 1 have not yet been elucidated. Soluble fiber is fermented by anaerobic bacteria in the colon to short-chain fatty acids such as acetic, propionic, and butyric acids (51) (52) (53) . These acids may inhibit the hepatic synthesis of coagulation factors (54) through inhibition of fatty acid release (55) . Triacylglycerol-rich lipoproteins may induce hepatic PAI-1 synthesis. If dietary fiber has some effects on hepatic PAI-1 synthesis, the most likely mechanism is its reducing effects on fat absorption (56) and on the flow of triacylglycerol-rich lipoproteins to the liver. In addition, short-chain fatty acids decrease serum fatty acids (55) . This leads to increased insulin sensitivity (15, 16) and may subsequently decrease PAI-1 concentration, given the positive correlation between hyperinsulinism and PAI-1 (57). It is likely that dietary fiber decreases PAI-1 through reduction of plasma insulin concentration.
In the current study, while comparing subjects in the highest with the lowest quintile of fiber intake, there were striking differences in years of education and reported physical activity: subjects consuming more dietary fiber reported higher educational attainment and greater physical activity. This could be interpreted as more health consciousness among more highly educated subjects who eat a healthy diet and exercise more frequently compared with less educated individuals. However, healthful behaviors alone may not completely account for the PAI-1 finding because, after education and physical activity were adjusted for, the strong inverse association of PAI-1 with fiber intake was still present.
Obesity, a risk factor for CAD (58) (59) (60) (61) , was reported to be positively associated with PAI-1 and fibrinogen (62, 63) . We tested whether the association between fiber intake and PAI-1 and fibrinogen was different in centrally obese compared with lean subjects and found that waist-hip ratio did not modify the relation between fiber intake and PAI-1 and fibrinogen concentrations. Replacing waist-hip ratio with waist circumference did not alter these findings.
In summary, the results of this study suggest that in both men and women, high fiber intake is inversely associated with plasma PAI-1, but not with fibrinogen concentration. Waist-hip ratio does not appear to modify the inverse association between dietary fiber and PAI-1 concentration. Serum insulin and triacylglycerol, body mass index, waist-hip ratio, age, and physical activity appear to be other major determinants of both PAI-1 and fibrinogen concentration. Smoking was an additional risk factor for elevated fibrinogen concentration in this study. If PAI-1 concentration can be lowered by dietary fiber, a cardiovascular event might be postponed or even prevented through regulation of fibrinolysis and coagulation. Thus, increasing fiber intake could be important in the prevention of heart disease. 
